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The Technique:

*Two or more ground stations perform simultaneous one-way laser ranging
to LRO, LRO time-tags all received laser pulses to the on-board clock

*Each ground station time-tags 1ts laser emission times to its own time base

*Radio frequency (RF) tracking provides the spacecraft ephemeris
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*A hydrogen maser or a cesium clock provides a stable time base for each "
of the ground stations (

*An All-View GPS receiver compares the primary ground station clock to =
the near-by USNO master clock via the GPS satellites with most of the
common view atmosphere effects canceling out

*Solve for the difference between two ground station epoch times and
hence transfer the time from the primary station to the remote station(s)

LR receiver FOV to cover both the
RF ground station (White Sand) and
all possible laser tracking stations

Monitoring the Station Time with an All-View GPS Receiver

%4\\ — D  Monitoring the station time to sub-nanosecond at the Next

%‘6 — * Generation Satellite Laser Ranging (NGSLR) at NASA

A 560 769 5 106 o0 GSFC with an absolute accuracy of ~Ins and a stability

e mainly governed by the station clock, 4e-15 for the hydrogen

; 50: . ' ' _ - * maser and le-13 for the cesium clock source.
2 / ’-\ s * NGSLR station H-Maser time referenced to USNO master
-l | | | | | - clock via All-View GPS receivers

e P 7% ayofyearzota e 200 *~] ns precision and accuracy since Jan 2013.

1 e T ool o T eserand TR 22 e B e Similar method is used to reference the clock at the
£ - McDonald Laser Ranging Station (MLRYS) in Ft. Davis,
2 * Texas.

-100
dav of vear 2014

-300 —-200 100

Verification and Validation with Ground Targets:
Three tests performed with two ground targets in an LRO like configuration from two ground stations, NGSLR and MOBLAS-7, both at NASA

GSFC, and the results agreed to within 0.3 ns.

Time from MOB7 invariant point
to NGSLR event timer
(MOB7 timed by NGSLR, second hour)

Time from MOB7 invariant point
to NGSLR event timer
(MOBY7 timed by NGSLR, first hour)

Three tests performed:
2011-11-30, P1er C, 10 minutes
2012-12-18, Pier C, 1 hour
2012-12-18, Pier B, 1 hour
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Pier C

lest 1,2011-11-30:

M7-Invariant Point to NGSLR event
timer = 513.27 ns

lest 2: 2012-12-18:

M7-Invariant Point to NGSLR event
timer = 513.00 ns
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UT seconds of 2012-12-18

UT seconds of 2012-12-18

Pier B

lest 1,2012-12-18

M7-Invariant Point to NGSLR event
timer = 513.296 ns
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time difference between NGSLR and MOB?7 (ns)

Feb 4-5, 2013 Aug 14-15, 2013 Sep 19-30, 2014

\ \ \ \
268 270 272 274
day of year 2014

\ \ \ \ \ \
227 227.05 227.1 262 264 266
day of year 2013

| | | | | |
46.2 46.4 46.6 46.8 226.9 226.95

day of year 2013

|
45.8 46

Transferring time between two SLR stations to within ~Ins and repeated after 6 months, then 13 months.

Work in Progress:
*Time transfer tests between NGSLR 1n Greenbelt, Maryland to the McDonald Laser Ranging Station (MLRS) 1n Ft. Davis, Texas,

have been conducted. Test data are under analysis.
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